Objective-To demonstrate the magnitude, timing, and cause of changes in blood pressure that occur in migrants from a low blood pressure population on moving to an urban area.
Introduction
Raised blood pressure is a strong independent risk factor for cardiovascular disease,' the leading cause of morbidity and mortality in modern Western society. Prospective epidemiological data suggest that in Westernised societies most of the population have a blood pressure above the optimum for risk of cardiovascular disease' ' and that blood pressure rises sharply with age, although these levels and the rise in blood pressure with age are not universal. Several communities have been reported to have a low mean blood pressure, which shows little increase with age,46 and other cross sectional comparative studies have shown that when people from such communities live in more modern surroundings their blood pressure levels are higher and do rise with age, thereby emphasising the importance ofenvironmental factors in determining blood pressure.
The cross sectional data available can only suggest specific factors responsible for changes in blood pressure associated with a changed environment and the time scale over which these changes occur. We hypothesised that the factors inducing changes in blood pressure are likely to be the critical aetiological agents responsible for essential hypertension.°We report the results of a longitudinal study of migrants leaving a population with a low mean blood pressure in western Kenya for an urban environment.
Subjects and methods
Details of the initial cross sectional studies, which established that a rural farming community of the Luo tribe in western Kenya had a low mean blood pressure and that people of the same tribe and community residing in Nairobi had higher blood pressure, have been described elsewhere."
In the present study fieldworkers visited homes in each of the 35 villages in the rural study area. We also received information from one or two health workers in each village at least once a week regarding names and contact addresses of anyone aged over 14 years who had migrated to Nairobi on a potentially permanent basis. This information was posted to Nairobi, where other Luo fieldworkers attempted to locate these migrants as quickly as possible. After migrants had been located their eligibility for the study was established (¢e 15 years old, stated intent to live in Nairobi, and contacted within 60 days of arriving in Nairobi) and they were visited at home by one of the two study observers.
With the help of translators, the observers administered a questionnaire on age, sex, marital history, parity, menstrual history, history of drugs taken, consumption of alcohol, smoking, occupation, education, housing, and length of time spent living in any urban residence. The subject's height, weight, and pulse rate were measured and two blood pressure recordings were taken (after five minutes' lying; systolic and diastolic phase V) with a random zero sphygmomanometer. The ambient temperature and time of day were recorded and a "spot" urine sample was collected. Each subject was asked to provide three 12 containing boric acid as a preservative and refrigerated within 12 hours of collection. The volume of each overnight sample was recorded, and urine was analysed for sodium, potassium, and creatinine in the Wellcome Trust Research Laboratories in Nairobi. Total 12 hour, overnight excretion of sodium, potassium, and creatinine was calculated. For logistic reasons the rural based controls were studied as a cohort over the two years coinciding with the middle two years of the four year recruitment and follow up period of the migrants (August 1981 to August 1985 . We used a recent census to match controls for age, sex, and village ofresidence (estimated from the data on migrants recruited during the first six months of the study). The same investigations were made on controls as on the migrants, except that the controls were studied in one of five local clinics (converted school classrooms) and fewer diet histories were recorded for each individual as the diet was more uniform in the rural area.
The data were coded and analysed with the statistical package for the social sciences. The distributions of variables by sex and place of residence were calculated; adjustments for age and other covariates were made by analysis of variance and regression techniques, as appropriate.
Results
Over 95% of the people who moved to Nairobi and were eligible for the study were located and studied at least once during their stay. Once located, fewer than 2% of the migrants refused to take part in the study. The initial investigations (at 0 month) took place, on average, one month after arrival in Nairobi. Table I shows the age distribution of controls and migrants at the first examination. Because the numbers of subjects aged <15 and >35 years were small and unevenly distributed between the urban and rural groups, all subsequent analyses were restricted to people aged [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . The numbers of such subjects who were available at each visit are indicated in figure 1. Ca and women mean systolic blood pressure differed significantly between urban and rural groups at the first visit. Although mean systolic blood pressures fell in both groups with subsequent visits, the differences in systolic pressure between rural and urban groups were consistently maintained over 24 months of follow up. The mean diastolic blood pressure among men also differed significantly between the two groups at the first visit. Values fell over time in controls but increased in migrants so that the difference in pressure was larger at 24 months of follow up. No significant difference was found in diastolic pressure between women in the two groups at the first visit but the trends in blood pressure with time were similar to those seen 129.1 (12 7) <0 001
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Mean total creatinine (mmol/l) in men and diastolic pressure differed significantly at six and 12 months. The male migrants were significantly heavier than the controls at the first visit but the mean weight of the controls increased such that at six months and thereafter the two groups did not differ significantly. The significant differences in mean weights between control and migrant women at 0 and three months disappeared at six and 12 months but the difference, although not significant, was restored by 18 months.
Pulse rates were significantly higher in urban compared with rural groups in both sexes at the first visit. The mean rates decreased over 24 months in all groups and differences between the two groups became less apparent. Table III gives details of the analysis of 12 hour overnight urine samples. The mean ratio of urinary sodium to potassium concentrations differed significantly between urban and rural groups in both sexes throughout the study. In both men and women these differences were due to consistently higher urinary sodium and lower urinary potassium concentrations among the urban group. Although the size of the difference was constant, it was not always significant because of the decreased number of subjects at each follow up. Creatinine excretion tended to be higher in urban than in rural subjects but differences were significant only at the 24 month visit in men. Figures 1 and 2 show the distribution of systolic and diastolic blood pressure in migrants and controls at each of the six visits. In both men and women the distribution of systolic pressure was shifted slightly to the right at the first visit; this shift increased over 24 months. Although appearing more congruent initially, the diastolic pressures of urban and rural men and women were also clearly separated at 24 months.
The distribution of the migrants' blood pressure shifted to the right. This was further illustrated by analysing the percentage of the urban and rural groups who had blood pressures above and below arbitrary cut off values. In general, differences between the two groups were greater for men than for women, and for systolic rather than diastolic pressure. Overall, the percentage of the population above the arbitrary value of 140 mm Hg systolic pressure and 80 or 90 mm Hg for diastolic pressure was greater in the urban group at all visits. In addition, the percentage of the population with blood pressure below an arbitrary value of 110 mm Hg (systolic) or 50 mm Hg (diastolic) was greater in the rural group. group. In contrast, though systolic blood pressure of men in the urban group showed no significant rise with age at the first visit, the slope of systolic blood pressure with age increased with time at six months and was significant by 24 months. By 24 months, the slopes of systolic blood pressure with age differed significantly between men in the urban and rural groups. The slope of diastolic blood pressure with age was greater in urban than in rural men from the first visit; these differences remained through the 24 months of follow up. There were no significant differences in the slope of blood pressure with age between urban and rural women, nor were any consistent trends apparent over time in women.
Fewer women smoked or drank alcohol than men and the percentage of men who drank any alcohol or more than 28 units per week was generally higher, though not significantly so, in the rural group.
Discussion
The demographic trends of Luo migrants provide a unique opportunity to observe a natural experiment to investigate the causes of changes in blood pressure associated with migration. Though numerous cross sectional studies have documented differences in blood pressure of urban and rural populations, we believe this to be the first longitudinal study of blood pressure in which migrants have been followed up over time.
The main new finding was that differences in blood pressure between rural and urban groups were apparent by, on average, one month after urban migration. We also found that the new environment affected the whole population distribution of blood pressure, which was shifted to the right. Distinct subgroups with varying susceptibility to the critical environmental agents were not apparent; not only was the percentage of people with hypertension greater among migrants but the percentage of those with low blood pressure was also less in the migrants than in the controls. Because this was an observational longitudinal study, there are potential problems in interpreting the results. Firstly, as the subjects were not randomly allocated to migrate it is possible that the differences in blood pressure were due to selective migration of individuals who had higher blood pressures, particularly as differences were apparent by the first month of migration. Other data, however, suggest that this is not the explanation.'2 For example, of the 163 new male migrants, 90 had been examined before migration (mean 329 days). At their first visit after migration their blood pressure was consistent with that of other migrants, but their mean blood pressure in the rural area (120 9/59 0 mm Hg) was identical with that of the rural controls (120 5/60 5 mm Hg). In addition, the time elapsing after migration before the blood pressure was measured correlated significantly with the migrants' blood pressures.'2 These observations were thus consistent with the notion that the initial increase BMJ VOLUME 300 14 APRIL 1990 in migrants' blood pressures occurred very soon after their arrival in the urban area. A small part (2-3 mm Hg) of the initial differences between the blood pressures of migrants and controls may be explained by the fact that migrants were studied in their new homes and controls in clinics. We have previously reported that in the rural population blood pressures recorded in the home are slightly higher than those recorded in clinics (2-9/ 2 3 mmHg).' The differences in blood pressure patterns after the initial visits, however, are much less likely to be affected by this possible bias.
Systolic and diastolic blood pressures showed differing patterns over time. The mean systolic blood pressure of all subjects was highest at the initial visit and fell thereafter; this is consistent with familiarisation with blood pressure measurement.'4 The difference in distribution of blood pressure between urban and rural populations, however, became more distinct in both sexes over the 24 months of follow up. In contrast, mean diastolic pressure decreased over time in the rural group and tended to increase among migrants such that the distribution of diastolic pressures diverged appreciably over 24 months. The differing systolic and diastolic patterns suggest that separate mechanisms may be responsible for differences between the two groups or, more likely, that the relative contribution of two or more mechanisms influencing blood pressure may exert differential effects on systolic and diastolic pressure at different times during the study.
Most people migrated to Nairobi to search for work and if they failed in this they often returned to their rural home or moved to another town. Hence people moved away from both the rural and urban study areas and were lost to follow up. Such losses are unlikely to explain the differences in blood pressure patterns between urban and rural populations as results from analyses of the subset ofindividuals who had completed the whole 24 months of follow up were similar.
The prevalence of hypertension in a population is determined by the population distribution of blood pressure, and the fact that this can shift when the environment changes has profound implications for public health strategies. '5 Identifying the determinants of this population shift is clearly critically important for public health.
Our results are consistent with several reports implicating high dietary sodium and low dietary potassium intake as determinants of the population distribution of blood pressure. 16- The time scale of the blood pressure changes were, however, somewhat surprising, with significant blood pressure differences occurring within one month ofurbanisation. Nevertheless, this agrees with recent findings in the highlands of Papua New Guinea, which showed increased blood pressure within 10 days of sodium supplementation in 10 subjects with a low sodium intake (30 mmol/day). '9 The significant differences in weight between migrants and controls at the first visit may have been due to one or more of several reasons. Regular quality control of weighing scales, however, makes errors in measurement unlikely, and previous data have shown that selective migration is not an appropriate explanation.'2 The weight gain might reflect salt and water retention brought about by sodium loading associated with an urban diet. Rikimaru Clearly the blood pressure changes which accompany urbanisation could be due to numerous other factors including many in the diet (for example, calcium, magnesium, fibre), and analyses of several of these factors will be presented subsequently.
Migration is an extremely stressful life event," and pulse rate, a possible indicator of stress and anxiety, was higher among migrants. We have previously suggested that stress may potentiate the hypertensive effect of sodium loading,"')' which some animal and clinical work) has suggested may prevent the natriuresis normally associated with sodium loading. As the increase in blood pressure among migrants was larger than would be predicted from estimates based on electrolyte data from the Intersalt study" an additional mechanism may be implicated.
Though blood pressure differences between urban and rural groups were apparent at all visits, systolic blood pressures were highest in urban and rural men and women at the first visit, suggesting an acute stress effect with subsequent habituation to blood pressure measurement. This is supported by the observation that the pulse rates of migrants decreased with time. The data raise the possibility of an interaction between the effects of pulse rate (as surrogate for stress) and sodium intake on blood pressure. Such an interaction has been recently observed in two other populations.
The interrelations among pulse rate, sodium intake, and blood pressure appear to change with time after migration. It may be that those factors initially responsible for the rise in blood pressure may become less important with time. For example, structural changes in the vasculature, which are a characteristic feature of hypertension,262 may contribute to the long term maintenance of higher pressure.
A recent large multinational study24 confirmed the previously reported important effect ofalcohol on blood pressure.l6 In the present study alcohol did not explain blood pressure differences between migrants and controls. The percentage of both alcohol drinkers (>1 unit per week) and heavy drinkers (>28 units per week) was similar in rural and urban groups. Interestingly, none of the four low blood pressure populations included in the Intersalt study showed a significant association between alcohol consumption and blood pressure.29 This may in part reflect the relatively low intake of alcohol in these populations or unsuitability of a questionnaire to evaluate intakes in such populations.
We also found that age had a different effect on systolic and diastolic blood pressure. Although mean systolic blood pressure differed significantly between men in the rural and urban groups, the slope of systolic blood pressure with age in the urban group remained relatively flat until 24 months, when it rose significantly. This suggests that the rise in systolic blood pressure associated with age occurred not at the initial urbanisation but over 24 months. For diastolic blood pressure, however, migrants had a significantly higher increase of blood pressure with age than controls at the first visit, and this was maintained over 24 months. Women showed no consistent changes of blood pressure in relation to age over time or between groups.
Differences between women in the urban and rural groups were generally consistent with the results in men but smaller. Furthermore, weight, pulse rate, and the ratio of sodium to potassium excretion were less consistently associated with blood pressure. This may have been due to the smaller number of women in the study or to the high percentage of women who were pregnant or lactating during the study.
These results support the view that the ratio of dietary sodium to potassium (as assessed by urine measurements), body weight, and possibly stress BMJ VOLUME 300 (reflected by pulse rate) are important predictors of the shift in blood pressure distribution observed when a low blood pressure community becomes urbanised. We would suggest that these same factors may play a part in at least the early stages of development of "essential hypertension."
Introduction
Venous ulcers of the leg are a common cause of illness in the community. The condition has a prevalence of 1%, which is similar to that of diabetes, and it recurs chronically.' Ulcers of the leg are expensive to treat as they require regular dressing, often by district nurses. The cost to the NHS has been estimated to be £1200 for each unhealed ulcer a year.7 At present there is no proved pharmacological treatment, but this is not surprising as the pathophysiology of venous ulceration of the leg is poorly understood.
Two hypotheses have been advanced to explain the occurrence of venous ulcers of the leg in the context of the postphlebitic syndrome."4 The first hypothesis relates to the formation of a pericapillary cuff of fibrin, which acts as a barrier to diffusion and leads to local ischaemia of the tissues.' 6 The second hypothesis concerns the phenomenon of white cell trapping, which aggravates the trophic skin changes that are typically seen in patients with venous hypertension."' Oxpentifylline (Trentai, Hoechst) has been found to have fibrinolytic effects9 and to influence the behaviour of white cells. "' It therefore seemed reasonable to study
